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Effec t  of  X - I r r a d i a t i o n  o n  t h e  A T P - I n h i b i t i o n  of  P h o s p h o r y l a s e  b 

The  p h o s p h o r y l a s e  b (E.C. 2.4.1.1.) - one  of t he  key  
e n z y m e s  of t h e  c a r b o h y d r a t e  m e t a b o l i s m  - is a n  al loster ic  
e n z y m e  w h i c h  can  e x h i b i t  va r ious  i n t e r a c t i o n s  b e t w e e n  
s i tes  specif ic  for  subs t r a t e s ,  a n d  a c t i v a t o r s  or  i n h i b i t o r s  
r e spec t ive ly  1 

Accord ing  to  ou r  ear l ier  inves t iga t ions ,  t h e  a l los ter ic  - 
i.e. r e g u l a t o r y  - s i tes of p h o s p h o r y l a s e  b are  far  more  
sens i t ive  to  X - r a y s  t h a n  is t h e  ca t a ly t i c  cen t r e  ~. These  
conclus ions  were  d r a w n  f rom k ine t ic  e x p e r i m e n t s  wh ich  
i nd i ca t ed  t h e  g r ea t e r  r a d i a t i o n  s ens i t i v i t y  of t he  Km of 
a l los ter ic  ac t i va to r ,  AMP,  t h a n  t h a t  of s u b s t r a t e  G-1-P.  

As is k n o w n  the  s u b s t r a t e  s a t u r a t i o n  c u r v e  of phos -  
p h o r y l a s e  b has  a hype rbo l i c  shape.  I n  t he  presence  of t he  
a l los ter ic  inh ib i to r ,  ATP ,  t he  s u b s t r a t e  s a t u r a t i o n  c u r v e  
is a s s u m e d  to h a v e  a s igmoid- l ike  shape,  p r o v i n g  t he  co- 
o p e r a t i v e  i n t e r a c t i o n s  b e t w e e n  t he  a l los ter ic  a n d  ca t a ly t i c  
s i tes  ~. 

I n  o rde r  to  con f i rm  our  ear l ier  f indings ,  e x p e r i m e n t s  
were  car r ied  o u t  to  s t u d y  t h e  r a d i a t i o n  s ens i t i v i t y  of t he  
a b o v e - m e n t i o n e d  coope ra t ive  i n t e r a c t i o n s  b e t w e e n  the  
d i f f e ren t  sites. 

T h e  p r e p a r a t i o n  a n d  pu r i f i ca t i on  p rocedures  of t h e  
e n z y m e  were  r e p o r t e d  e l sewhere  2,3. T h e  a c t i v i t y  was 
d e t e r m i n e d  in  t he  d i r ec t i on  of g lycogen syn thes i s .  The  
samples  were  i r r a d i a t e d  in t he  p resence  of a i r  a t  r oom 
t e m p e r a t u r e  b y  a T U R  X - r a y  m a c h i n e  w i t h  2.5 m m  AI 
fil ter,  200 kV, 15 mA, a n d  t he  dose r a t e  was  1500 R / m i n .  

F igu re  1 shows  t h e  s u b s t r a t e  s a t u r a t i o n  cu rve  of 
p h o s p h o r y l a s e  b in  t h e  p resence  a n d  abs ence  of ATP .  
F igu re  l a  shows  t h e  s a t u r a t i o n  cu rves  whe re  t h e  concen-  
t r a t i o n  of t h e  a c t i v a t o r  A M P  was 1 r aM.  

I t  is well  o b s e r v a b l e  in F igure  l b  t h a t  t he  s igmoid-  
shape  of t he  s a t u r a t i o n  cu rve  - in t he  p resence  of A T P  - 
c an  be  depressed  b y  dec reas ing  t he  c o n c e n t r a t i o n  of A M P  
u p  to  0.25 m M .  A t  a lower c o n c e n t r a t i o n  of t h e  a c t i v a t o r ,  
t h e  s u b s t r a t e - b i n d i n g  ab i l i t y  of t h e  p h o s p h o r y l a s e  b was 
weaker ,  i nd i ca t ed  b y  t h e  more  e f fec t ive  inh ib i t ion ,  al-  
t h o u g h  t h e  A T P  c o n c e n t r a t i o n  r e m a i n e d  una l t e r ed .  

Our  h y p o t h e s i s  - ba sed  on  t h e  d e t e r m i n a t i o n  of k ine t ic  
c o n t a n t s  for A M P  a n d  G - l - P ,  r e spec t ive ly  - was  t h a t  t he  
a l los ter ic  coope ra t i ve  i n t e r a c t i o n  m u s t  be  d a m a g e d  to  a 
g r ea t e r  e x t e n t  b y  X - r a y s  t h a n  t h e  c a t a l y t i c  p r o p e r t i e s  of 
t h e  enzyme .  I f  t h e  h y p o t h e s i s  was  va l id  one  shou ld  be  
ab le  to  p r e s e n t  t h e  a b o v e  e x p e r i m e n t a l  resu l t s  no t  on ly  
b y  a l t e r i ng  t he  A M P  c o n c e n t r a t i o n s  b u t  also b y  X- i r r ad i a -  
t ion .  F igu re  2 shows t h e  effect  of X - r a y s  on  t he  s a t u r a t i o n  
c u r v e s  of p h o s p h o r y l a s e  b w h e n  i t  was  d e t e r m i n e d  a t  
s t a n d a r d  c o n c e n t r a t i o n s  of A M P  a n d  A T P .  As i t  can  be  
seen, 20 a n d  30 k R  depressed  t h e  c u r v e s  p a r t i c u l a r l y  a t  
h igh  G - I - P  c o n c e n t r a t i o n s  a n d  t he  shape  of t he  cu rves  
was r a t h e r  t he  s ame  as in t he  case of lower  A M P  concen-  
t r a t i o n s  w i t h o u t  i r r ad ia t ion .  

These  f ind ings  are in  full  a g r e e m e n t  w i t h  our  h y p o t h -  
esis. The  X - i r r a d i a t i o n  a f fec ted  t he  coope r a t i ve  i n t e r a c t i o n  
of a c t i v a t o r  a n d  s u b s t r a t e  in  t he  s ame  w a y  as  t h e  de-  
c reas ing  of t h e  a c t i v a t o r  c o n c e n t r a t i o n  in t h e  p resence  of 
s t a n d a r d  i n h i b i t o r  level.  T he  p rac t i ca l ly  u n c h a n g e d  
a c t i v i t y  a t  low G - I - P  c o n c e n t r a t i o n s  ind ica tes  t h a t  t he  
r a d i a t i o n  s ens i t i v i t y  of t he  ca t a ly t i c  cen t re  is rea l ly  less 
t h a n  t h a t  of t h e  A M P - b i n d i n g  capac i ty ,  i.e. t h e  s ens i t i v i t y  
of a l los ter ic  sites. E v i d e n c e  ha s  been  p r e s e n t e d  t h a t  SH-  
g roups  m a y  be  i n v o l v e d  in t he  b i n d i n g  of A M P  b u t  no t  
in  t h e  b i n d i n g  of G - I - P  4. W e  sugges t  t h a t  these  f ind ings  
m a y  be exp l a ined  b y  t h e  g r ea t e r  r a d i a t i o n  s ens i t i v i t y  of 
t he  r e g u l a t o r y  f u n c t i o n  of p h o s p h o r y l a s e  b, s ince SH- 
g roups  a re  a s s u m e d  to  be  fa r  more  r ad iosens i t i ve  t h a n  
o t h e r  groups .  These  m o d e l - o b s e r v a t i o n s  m a y  h a v e  bio- 
logical  i m p o r t a n c e .  
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Fig. la. The empty circles represent the enzyme activity, expressed 
in the liberated inorganic phosphor/~g/min, plotted in the function 
of G-I-P concentration. The reaction nfixture contained 0.2 nfl 
enzyme solution (10 -~ M) in glycerophosphate buffer, at  pH 6.8, and 
0.2 ml substrate (G-I-P: 6-48 mM; AMP: 1 raM; glycogen 1%). 
The closed circles indicate the effect of 10 mltI ATP on the enzyme 
activity. 

Fig. lb.  The Figure shows the same experiment as Figure la ,  but 
the AMP concentration was 0.25 mM. 
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Fig. 2. The closed circles represent the experiment demonstrated in 
Figure la, in the presence of ATP. The effect of 20 kR o - - o ;  and 
30 kR & - - & ,  on the sigmoid-like curve of ATP inhibition. 

Zusammen/assung. Es  wurde  die W i r k u n g  de r  R 6 n t g e n -  
b e s t r a h h m g  auf  die A T P - H e m m u n g s k u r v e  de r  Phos -  
p h o r y l a s e  b a n a l y s i e r t  u n d  ge funden ,  dass  s ich die Sig- 
m o i d f o r m  de r  A T P - H e n m m n g s k u r v e  n a c h  de r  R 6 n t g e n -  
b e s t r a h l u n g  v e r m i n d e r t .  Die B e s t r a h l u n g  di i r f te  die 
a l los te r i sche  E i g e n s c h a f t  yon  E n z y m e e  bee in t r~ icht ig t  
haben .  

S. DAMJANOVICH, J.  SOMEGI a n d  S. T6TH 

Pathophysiological Institute, 3ledical University 
School, Debrecen (Hungary), 
9 October 1967. 

t N. B. MADSEN, Biochem. Biophys. Res. Colnnmn. 15, 390 (1964). 
S. I),',MJANOVmH, T. SANNER and A. PULL, Eur. J. Biochem. 1, 
347 (1967). 

3 S. DAMJANOVICH and K. KLEPPE, Biochem. biophys. Acta 122, 
145 (1966). 

4 I. JdKAY, S. I)AMJANOVICH and S. TdTII, Archs Bioehem. Biophys. 
1t2, 471 (1965). 


